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Type
Plate Group Failure
Austenitic TFusion
Hand Zone
Welded

Austenitic Heat-

Unionmelt Affected

Welded Zone
Tusion
Zone

Ferritic Weld

Unionmelt Metal
Welded

Heat-
Affected
Zone

In addition to the ahove, a tendency toward brittle failure under—
severe testing conilitions was shown jia manually deposited ferritiec weld
metal. The practice of grinding reinforcement flush with these plates
consideratly improves dallistic and bend tests Tu. is
revresentative of fabrication armor weldnents.

APPROVED:

H. H. ZCRNIG
Colonel, Ord. Dept.
Director of Laborator;

Cause Extent
Incomplete Moderate
fusion

Carbide pre- VModerate
cipitation at
wsid-piate

interface

Possibly a Gereral
linear preci-
plitation of
nonmetallics

in weld metal
adjacent to

fusion line.

High transfor- General
mation tempera-

ture carbides

due to slow

coolin;: rate.

Sam2 as for Hand Welded

High trans-  Genercol
formniion

temperatre

carvides.

Deniritic segsre-
gation.

Remarks

Correct bty improved joint

design and welding technique.

Carbides are precipitated by
reheating by subsequent
wolding passes. Condition
more severe when large

diamcter electrodes are used.

Tendency toward failure in
this area most easily de-
creased by improvement in
weld Joint geometry through

use of large annealing beads.

Prevented only by use of

vory high alloy armor plate.

Plates.

Prevent by use of increased
alloy in weld metal.

Samne ag for Austenitic Unionmelt Welded Plates.
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Vickers-Brinell surveys were made at root, midwall, and near crown
of weld cross sections after polishing through 000 emery paper. Speci-
mens were then repolished and etched with 4% picral (unless otherwise
noted) for microscopic examination, then further etched with hot acid
(1 part HpSOy, 3 parts H(l, and 4 parts E,0) for macroscopic examina-
tion.

Layout and dimensions of specimens are shown in Figure 2. In
addition, standard V notch Charpy bars were taken to determine relative
impact energy of the weld metal heat-affected zone, and unaffected
plate metal of a few representative plates.

DATA AND DISCUSSION

1. Ballistic Shock Test Results

Results of ballistic tests are given in charts 1 through 13 (Ap-
pendix A) which are abstracts of Aberdeen Proving Ground Firing Records.
A summary of the present specification requirements for E plates welded
with austenitic electrodes is also included in Appendix A.

Ballistic shodk test performances of plates in each thickmess
group are compared in Table I. It is readily apparent that while some
indication of shock qualities are evident, inconsistencies in velocity,
eccentricity and number of ballistic impacts prevent adequate compari-
sons of the shock properties of the various plates. The use of a high
explosive type projectile, which will completely penetrato the plate
unless it is detonated by the contact fuso, introduces further compli-
cations in the tcsting of lightor gago plates. Obviously, a rather
critical relation between velocity of rrojectile, fuse sensitivity,
eccentricity of impact, and geometry of weld are involved when tha high
explosive projectile is used. The posszibilities of dsvelorping a direct
explosive test to replace the high exnmlosive projectile arc being in-
vestigated at Aberdeen Proving Ground and elsewhere.

Location of ballistic cracking as reported in firing records is
based on surface appearance orly. It is evident that a crack in the
vicinity of the weld may proceed principally through portions of weld
metel, fusion. zone, and heat-affected zone regnrdless of surface ap-
pearance. From a development viewpoint, the path of ballistic fracture
of a group of plates in the weld heat-affected zone may call for a cor-
rective entirely different from that required for other groups of plates
vhich tend to fail through fusion zone, or weld metal.

At Aberdeecn Proving Ground sections through ballistic fracture
of some H plates are taken, rmacroetched and photographed. This was
done on seven of tae 1-1/2 inch thick Austenitic Unionmelt plates in-
cluded in this report (Figure 10). It would be very desirable to have
the path of ballistic fracture of a certain »roportion of nlates from
each thickness and welding procedure ;sroup determined and reported.
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i 2. Tensgile Tests

Results of tensile teste are given in Table II. Tigure 3 is a
photograph of typical broken tensile specimens. T —

. The transverse tensile test of a butt welded joint provides a - NN
[ means of determining the location of failure and the ultimate tensile bt

strongth of the joint under conditions of a single, slowly applied S

< load. Weld reinforcements were left on the tensile test bars in order PR R R

Q- that the service strength of welded joint would be determined. In the I
absence of severs notches, caused by welding defects or by a sharp ) ® -

; change in section at junction of weld and plate metals, failure must 1

; always occur in material having lowest ultimate strength under con-

] ditions of tensile test.

The armor used in these test plates has been heat treated, prior “ 4
to welding, by guenching then tempering to a hardness level botween a ) .. & |
maximum of about 360 Brinell, (1/2 inch plate) and minimum of about 2 )
280 Brinell (1-1/2 inch plate). The minimum and maximum tensile and
yield strengths equivalent to these harinesses are approximately
125,000 to 165,000 pei. yleld strength and 1u4{,000 to 180,000 psi.
tensile strength.
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In general, the effect of welding heat has been to yroduce even . . -~~~ -
greater hardnesses, and equivalent tensile strengths, in base metal O RRE
immediately adjoining weld deposits. Consequently, and as indicated o
in Table II, the maximum tensile strength of the weld joint specimens SURUAE AR,
represents strength of the weld metal. Low velues are aseociated with e e e
prescace of welding or plate mstal defecis. L..o.

Iongaticn values generally represent amount of locel n,cking ia
the duotile weld metal, but ars influenced by geometry and width of
weld and gage length and afford only a general comparison of the duc-
tility of_ the various joints under conditions of tensile teating.

Ballistic failures tend to proceed through gones of low impact
energy rather than lcw static strength. Since austenitic or low
: carbon ferritic weld metals may have good impact resistance even at
i relatively low tensile strength valuss, the transverse tensile test
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neither reproduces the type of fracture nor correlates with performance
obtained in ballistic shock testing. -

3. Hardness Surveys

Table III summariszes results of Vickers-Brinell hardness sur-
veys. location of hardness improesions and plots of typical surveys
are shown in Figures U and 5. Since considerable emphasis has been - h .
placed on maximun hardness of weld heat-affected sone of base metal ENS Rt
by several investigators, it is necessary to coneider the importance NS S

of this criterion, TR




Hardness of the heat-affected zone is dependent upon the response
of the base metal to the effects of the welding cycle, i.e., to the
amount of austenite formed and the completeness of carbide solution,
to the rate of cooling as heat is conducted away by the unheated base
metal mass, and to the tempering effects of subsequent welding passes.

Tensile and yield strength increase and notched-bar lmpact energy
decreases with increase in final hardness. 3But while the relationship
between static strength and hardness is independent of prior process-
ing, impact energy is very greatly influenced by variables which do
not affect hardness. Thus the notched-bar impact value of a steel
heat treated to equivalent hardnesses by two different procedures may
vary as follows:

i Hardness
Armor Rockwell Bripell ¥V Notch
C Content Alloy Type Heat Treatment® C Equivalent Charpy Value

£t./1bvs.
. 27 I‘h"Mo 1800°F. 1 h!‘. . / g
Air Cool 29 285 Tl

18C0°F. 1 hr.

Water Quench 31 302 49.0
1100°F. 1 hr.

Air Cool

.26 Mn-Ni-Cr-Mo 1800°F, 1 hr.
Air Cool 27.5 273 20.8

1800°F. 1 hr.

Water Quench
1100°F. 1 hr. 29.5 289 72.

Air Cool

.30 Mn-Cr-Mo 1500°F. 1 hr. -
Air Cool 34 33 1.7

1600°F. 1 Lr.

Water Qrench
1100°F. 1 hr. 35.5 4k 70.

Alr Cool

.26  Ni-COr-Mo-Si 1800°F. 1 hr.
Air Cool 32 11 1C.8

1800°F, 1 hr.

Water Quench

1100°r?p1 hr. 31 302 67.
Air Cool

* Specimens heat treated in 1/2 inch round

" Variations from one heat of steel to aunother, for bars of the
same heat treatment, are largely due to differencos in melting and
rolling practice.
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Steels of good quality (cleanliness and directional properties)
may have surprisingly high impact energy values at high hardness, as
shown by the following examples:

Hardness -
Armor - Rockwell 'Brinell ¥ Notch

Content _ Alloy Type Heat Treatment* C___ZEquivalent Chamy Value
ft- 1b8. 1o

P . 2ERARIRSRIRINDS 3 BERARAR

<

.

A . 011 Quench ug.5 iy 4.2

.30 Mn-Cr-Mo  1600°F. 1 hr.
0i1 Quench 50.0 430 28.

.27 Mn-No 1600°F. 1 hr. -
0i1 Quench 47.5 460 27.3 ’ -3

h e 27 Ma-Ni-Cr-Mo  1600°F. 1 hr.

* Heat treated in Charpy bar size

TR

In the avsence of nntches the impect energy of high hardness areas ' 1
, may be excellent and at the high strength levels failure seldom .
; originates in these areas. But the structure with moderate hardness, .- - 4
'! if produced by relatively slow coolin; from the austenitizing tempera- .
- ture, has a very low impa:t energy at a much lower strength level and LT
mey lead to heat-affected zone failures. The practical importance of PRt
: these considerations may be demonstrated by comparing ballistic and S e ]
! herdness test results of such plates as Midland RE-113end New York 45 ST
(see Tables I and ITI) and it becomes evident that no correlation is : S
ﬁ possidble between hardness and shock performance. b L

4. Macroexamination : ST L

1 Figures 6 and 7 are rhotographs of macroetched sections from

i representative test plates. Value of th: macroexamination is limited .
to disclosing welding defects and cracks presant at the particular 1 [ ) )

{ surface being examined, Correlation with ballistic performance is

! obtained only when defects such as extensive crack systems are re-

L vealed.

Xxamination o macroetched sections disclosed a few small cracks . 3
%‘ ' in weld metsl, bond zone and heat~-affected zons of some of the platss, o
but thess cracks were found to be ¢f a local nature and did not appear .
to influence tallistic or laboratory test rasults. Incomplete fusion , .
was observed at tiic root of several of the plates, particularly the R W
New York Air Brake sorisz, nnd mar h-vo iafluencod ballisiic shock o
I performance. This condition war noro evidont i: tensile and fracture ; s
tests. -

5« Neld Joint Fracture Test

Examination of fidbre of a fractured surface providss a rcuszh means
of evaluating impact resistance of a steel for the specific conditions =R
under which the fracture wvas made. If fracture takes place with little By A
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or no deformation the fracture surface will have a bright crystalline, fraeh

multifaceted appearance which is certain evidence of low energy of im- Gk

pact. High energy of impact is characterized by a dull gray fracture -

surface appearance. Increased severity of notching, increased velocity
~ of impact, or decreased temperature of testing all may cause a steel

fracture to change from fibrous to crystalline.
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The weld joint nick-break specimen of Figure 1, when fractured by

KRR a sharp blow at ordinary temperatures, affords a very severe test of e
. ieia= impact resistance of a section through unaffected armor plate, weld
heat-affected zone, and weld metal. A crystalline appearance of any

of these metals indicates an area which will be subjected to brittle
failure under a ballistic impact. Such failure will be greatly ac-
centuated by the presence of any kind of defect providing a notch
which may initiate failure in the low impact energy metal.

Results of fracture test are glven in Table IV, Figures & and 9
are photographs of typical weld joint fractures. It mey be noted that:

a. JFractures of all austenitic weld metals and all manually de- AN
posited Mn-Mo type ferritic weld metals are fibrous while fractures b el
of less hardenable ferritic Uniommelt vic1d metals are crystalline. E e

b. Fractures of weld heat-affected zones of manually welded
- plates are fidrous except where electrode size was relatively large

4 in proportion to plate thickness {if2 inch electrode on 1-1/2 inch

‘ plate and 1/2 inch electrzie on 1/2 inch plate show crysialline patches
E in hoat-affected gone). Yractures of heat-affected zones of Uniommelt "‘"‘";"""‘
' plates are entirely crystailine except where effective hardensbility SRR

---------
.....

of armor plate was very high (New Tork U6) or where a large portion
of weld was completed by hand welding (Midland CR-25).

i c. Fractures of plate metal of all but one sample are fibrous ST
ﬁ indicating adequate hardenability and satisfactory heat treatment for .
tho rolled armor. The une exception (General Motors YT-18) showed T =9
cryutalline patches near centerline of fracture in plate metal unaf-
fected by welding heat.

Comparison of Tables I and IV establishes the following ocorrela-
tions: }

1-1/2 inch thick plate - All plates with completely crystalline frac-
ture of weld heat-affected zone showed excessivo cracking during dal-
listic shock test. Figuro 10, which is a reproduction of Aberdeen
Proving Ground photomacrographs of sections through ballistic fracture, . .
shows that the path of ballistic fracture of these plates wes through ;
the weld heat-affected zone. New York plate 46 in tais Unionmelt e
welded group had a fibrous heat-affected gone in tha frecture test
(see Figure 8), and showed better ballistic performance with ballistic
fracture principally through weld metal and fusion zons (see Figure 10).

....................................




1, 3/4, and 1/2 inch thick plates - Inconsistencies of ballistie test
do not permit meny comparisons, but all plates which ghowed crystal-
1linity in either neat-affected zone or weld metal on fracture test
also showed excessive cracking in ballistic test if eccentricity and
velocity were within reasonablo limits.

™e fracture test thus seems to -ayveal areas which are gubject
tc railure under ballistic test. Wne er or not failure does occur
through these areas depends upon the presence of macrodefects, the
goemetry of the joint, the occurrence of conditions which cause fusion
zone failures, and the volocity and location of ballistic impacts.

6. Weld Joint Bend Test

It is apparent that in order to establish satisfactory correla-
tion with ballistic shock test performance, the relative properties
of heat-affected zone, fusion zone, and weld metal must be evaluated
under conditions of loading simulating those obtained in ballistic

testing. '

A transverse section through the weld Joint provides a sui table
test specimen since all constituents of the welded joint are repre-
sented. If the section extends through thickness of the plate and
includes weld reinforcement, the geometry of the Jjoint is also ropre-

gented.

If notches are absent (reinforcement removed) and such a section
te broken by bending with a slowly applied load (ordinary free bend
or guided bend tests) failure will occur by necking down and fracture
of that part of the joint with lowest static strength as in the trans-
verse tonsile test. Howevor, if ber is vent at a rapid rate fracture
will tend to proceed through constituent with the lowest impact re-

sistance.

Thickness of the plate {depth of the bend bar) has two important
effects in this test. Tirst, the deformation of tho outer fibro is
greater for a given bond angle the greater the thicknoss, hence the
angle to failure will be less in a bar from 1-1/2 inch plate than in
a 1/2 inch plate. Second, and more important, for a given Neformation
of the outer fibre much greater elastic stresses are gset up in a bend
bar from a heavy plate than in that from a light gage plate. Tallure,
cnce started through a brittle constituent in bars from 1-1/2 inch
thick plate, proceeds with cannon shot vehemence. The rate of load-
ing is much less criticel in bars from 1-1/2 inch thick plates and
{racture tends to go throush brittle constituents even at very slow
rate of application of externnl load. Bend bars from 3/4 inch thick
plate, when broken with same rate of lcad application as bars fronm
1-1/2 inch thick plate, did not provide a severe enough test to reveal
brittle constituonte.

Geometry of the weld and particularly of the weld reinforcemont
has important effects in the band tost and also in the ballistic test.
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Sharp changes in weld plate geometry both external and internal, as
well as macrodefects, may influence origin of failure. It is believed
that a bend bar should be representative of ballistic wel. seotion in
order that geometrical influences may be brought into effect in the
bend test.

Trensverge bend bars were taken from each of the subject plates.
Bars from plates 3/U inch or greater in thickness were broken in a
steam press by rapid application of load and bars from 1/2 inch thick
plates by a single drop of a 110-1b. weight from a height of 15 feet.
Ag remarked above, this test was not ontircly satisfactory for bend
bars from 3/4 inch thick plate. Since the weld reinforcements had
been removed from some of the 1/2 inch test plates before ballistic
testing, bend bars from other 1/2 inch platee were tested both with
and without reinforcement. .

Table V gives location of fraotures in the bend tests and.typical
tested bars are shown in the photographs of Figures 11, 12, and 13.

Ixclusive of a small amount of plate metal cracking explained by
weld geometry or plate defects such as severe laminations (Cadillac
140), three principal types of fracture were noted:

———r

a. Heat-affected zone fallure:. .Plates which were welded with
a high ratio of heat input to plate section tend to fail in the armor
plate adjacent to the weld. The fraoture surface has.a characteristioc
crystalliné appearance and a comparison of Figures 10 and 11 shows that
the path of fracture is through the same zone in both ballistic and
bend tests. The exact path of fracture is apparently lurgely depend-
ent upon weld geometry, macrodefects, and testing conditions, Heat-
affected zone failures in the bend tests correlate with crystalline
appearance of heat-affected zone in the nick-break fracture test and
with excessive cracking in the ballistic shock test.

DDA \ PSS )i
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_n b. Fusion zone failures. Failure at ths bond sone or in the

weld metal immediately adjacert to the bond zone results in the type

s of fracture best illustrated by Midland RE-104 (Figure 11). Appar-

o ontly a low impact energy zone existe near the fusion zone irn many

b - austenitioc armor welds, dbut whether fracture proceeds through this

area, depends to a large extent upon geometry at the orown of the weld,

macrodefects (particularly incomplete fusion at the root of the weld)

and external factors in the ballistic test. The cause of fusion sone

% fracture has been rather obscure, but will be discussed briefly under
nicroexamination in this report and in more detall in a report now

= being prepared at this laboratory. Mwion rone failure in the bend

C test is undosirable and corrolates with oxcossive oracking in the bal-
listic shock test.

¢. V¥Yeld metal failure. Fracture through sound weld metal in the
bend test indicates either: (1) absenco of drittle constituent in
fu.ion or heat-affected =ozee; (2) absence of notches which initiate

- 10 -
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failure in fusion or heat-affected zones; or (3) inferior weld metal
properties. Hence, provided that impact energy of weld metal can be .
established as equivaleut to armor plate, unaffected .y welding heat,
by some standard test sich as the V notch Charpy, fracwure through
sound weld metel in a bend bar should correlate with satisfactory bal-
listic shock properties.

;E
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Tor 1-1/2 inch thick austenitic welded H plates, elther manual or
Unionmelt, ballistic shock results improve proportionately with the
amount of fibrous fracture through sound weld metal. Charpy impact
results (Table VI) indicate that weld metal from austenitic welds,
both manual and Unionmelt, has very high impact energy.

Inconsistencies in ballistic test and greater influence of weld-
ing defects do not allow many comparisons for 1 inch and lighter gage
plates, Special mention should be made of Cadillac plate 167 which
failed in weld metal in bend teat but showed considerable (but not ex-
cessive according to present specification) cracking on ballistic test.
The wide taper of the weld crown at the top of this bar (see Figure
12) 1s very favorable and may have prevented fusion zone failure in
the bend bar. This geometry was not rejresentative of the entire
plate and a duplicate bend bar failed largely through the fuslon zone.

Weld reinforcerent was ground flush with the plate surface prior
to ballistic testing of a number of the plates. Figure 13 shows effect
of removing the reinforcement on bend bars for two of the 1/2 inch
plates which were ballistically tested with reinforcement. In both
illustrations removing the reinforcement caused fracture to shift from
fusion zone and heat-affected zone to weld metal. The practice of
erinding reinforcements will obviously have a considerable influence
on both ballistic and bend bar results, particularly in lighter gage
plates. One-half inch thick plates hand welded with Mn-Mo ferritic
electrodes and tested with reinforcomont romoved showed excellent per-
formance in the drop weight bend test.

4 Notched bar impact values were obtained for the two types of fer-
{ ritic weld metal used in 1/2 inch plates (see Table VI). These results
' indicate that the shock resistance of the Unionmelt ferritic weld metal o : R
- was inadequate, as compared with unaffected armor plate, and weld metal R
E& failure in bend bars from theso plates cannot be taken as an indication ' '
: of satisfactory ballistic properties.

,-
o

- 7. Hicroexamination

j

- Microsoopic examination provides a means of disclosing zones of : 2 & o'l )
él L ballistic weakness in a weld joint insofar as metallogrephic structures o 1
8 can be recognized which are known to have a low energy of impact under = 1
. test corditisns comparable to those nroduced by ballistic shock. Micro- N
t. scopic study of a constituent, known to be shock deficient, may help to

! determine the cause of such behavior. Within these limitations, micro-

scopic examination of svecimons from the sudbjoct piates, resulted in S
the following obsorvations: » °
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a. Weld heat-affected zones - In general a steel which has been
quenched to martensite and tempered and has a microstructurs consist-
ing of very fine uniformly distriduted carbide particles has relatively
high impact energy. A steel with a heterogeneous microstructure con-
sisting of high transformation temperature lamellar carbides has very
low impact energy under severe conditions of testing. This is i1-
lustrated in Figure 14 showing photomicrographs of specimens of & .25
C Mo-Mo armor plate heat treated by two different procedures to
equivalent tensile strength and hardness levels.

xS Figures 15, 16, and 17 illustrate typical microstructures
obgerved in Unionmelt and hand welded plates. Table VI gives resulis
of V notch Charpy teste for bars teken transverse to weld with base
of notch located at various distances from fusion line.

+ The two Unionmelt welded plates show low impact energy for S
the coarse grained, high transfermation temperature carbide micro-. SRR
structure adjacent to the fusion line. At a distance of approximately ’
1/8 to 1/4 inch from the fusion line, the grain size decremses, the
carbides are finer but are recognized as high transformation tempera-
ture products when examined at high maznification, the hardness is a A
paximum, and the impact energy a minimum, At a distance of approxi- A T

w—y
.9
2 !.4 H

mately 5/16 inch from the fusion line there is & zone of incomplete R
austenitization (islande of marteusite in a matrix of low carbom non- o

austenitized structure and coarae tempered carbides®). At greater oty
distances the size and number of austenitized islands decreaso and e e ]
finally at the outer edge of the heat-affected zone is a narrow band oo, &

of bese metal which has been tempered where the heat of welding exceoded ' S REORE
the original draw temperature. At approximately 3/8 inch from the fusion
1ine no effect of the heat of welding is evident. Impact energy in- L e
creases through the tempered zone and reachos a maximum in the tempered IS
[ zone. The photographs and discussion apply to heat-affected zones of L e
| second Unionmelt pass, but the same principles apply to the first pass e e
- heat-affected zone ercept that the structures of the first pass are T

h somevhat tempered by the heat of the second pass. [ PR

L

Hand welded 1-1/2 inch thick plates generally have relatively Sl
high impact values through the heat-affected zone assoclated with s I
nicrostructure of very fine uniformly distriduted carbides resulting
= from formation of martensite in one welding pass and tempering by sub-
le sequent welding passes. Heat-affected zone impact values of the two :
hand welded plates (Figure 16 and Table VI) are considerably higher °
; than for the two Unionmelt plates. A few areas of high traneformation C -1
- temperature carbides were present in these two plates as a result of o j
1
d
]

‘the use of 1/2 inch diameter electrodes (see discussion of fracture

) . test). The difference in impact energy level for these two plates ap-
le L pears to be largely due to directional properties. Both plates are SRR
3 very dirty and rolling direction is parallel to leg weld in Midland e

L. plate RE-113 and transverse to lag weld (not in accordance with speci- T
I fication) for Nidland plate CR-N5 as is apparent from distriduticn of

; inclusions in photomicrographs.

*In certain alloy steels, e.g., high 51, equiaxed ferrite may be AP 1
present in this sone. e <
-1 - RSIONCARRI




The microstructure of the heat-affected sones cf two ferritic
hand welded 1/2 inch thick plates (Figure 17) showed some areas of
high transformation temperature carbides, dut most cf the sone was
of tempered martensite. Charpy impact values (Table VI) are higher
for weld heat-affected zcne than for unaffected plate, the former
having been tempered by the heat cf welding tc a consideéradly lower
hardness than the base metals (see Table III and Figure 5).

. b. Tusicn Zones - Thére is a pronounced tendency for austenltic
hand welded plates to fail through the bond zone and this tendency is
an indication of inferior ballistic perfermance as discussed in con-
nection with the bend test. Careful examinaticn cf ballistio and bend
test fractures disclosed three separate conditicns which may lead to
fusicn zone fellures: (1) lack of fusion and fusicn zcne cracks. leck
of fusion at the rcot of Few Yerk Air Brake Unionmelt plates was dis-
closed in several tests and fallure usually proceeded threugh this
defect in bend tests. No extensive crack systems were observed.* A
few small cracks observed on macroexaminaticn appear to be local de-
fects which d4id not influence bend or tension test results to an ap-

‘ preciable extent. Photomicrographs in Figure 17 illustrate types of
cracicing cbservod. (2) Frecipitaticn of carbides at weld-plate inter-
face. Fallure right at the bond line has been observed to a limited
extent in a few plates. A characteristic very fine grained orystalline
fracture is observed. Microexamination indicates that this oonditicn
is caused Yy & heavy precinitation of carbides at the weld-plate inter-
face cn reheating by subsequent welding passes as illustrated in the '
upper two photomicrographs of Figure 18, Heating a hand welded
austenitic bend der at 1350° F. for cne hour produced a hoavy carbide
precipitation and caused the bar tc break without deformation and
almest entirely along the taempered interface. Very limited carbide
precipitation occurs in hand welded plates, but the condition tends
tc be more serious when large electrcdee are used and in Unioamelt
welded plates. The prasence of & very low impact energy heat-affected
sone in mogt of the Unionmelt plates affcrded an easier path of failure.
Preheating or stress relieving of austenitic welds would probably favor
precipitation of carbides and interface failures. (3) Linear pre-
‘eipitation of nonmetallics in weld metal adjacent to fusion line. The
majority of fusion zone failures proceed through the weld metal a few
thousandthe of an inch from the true fusion line. The fracture has
the characteristic scaled appearance of plate Midland RE-104 in Figure
11, Microscopic examinstion of a number of austenitic welds reveals
a fine precipitation of nonmetallic inclusions lined up parallel to
the fusion line. This oondition is 1llustrated in tho two center photo-
micrographs of Figure 18. The lining up is in coatrast to the random
distribution of nonmetallics throw 1iout the romaindor of tho weld metal.
An attempt is belrng made to connect this phenomsnon to the obsarved
tendency for greater fusion zcne cracking in austenitic welds made with
certain armor compositions, and photomicrographs arc now availadble
which clearly indicate that a majority of fusion zone failures nrooeed
through the area of lined-up inclusious. :

® Extensive heat~rffected zcre crack systems which undoudbtedly in-
flunence ballistic results have boon odbserved in Amorican armor
weldnents made with ferritio electrodes with organic type coating
and in German wells made with high carbon high alloy armor and
various unclassified electrodes. (WAL Reports Nos. 642/115 anmd
710/608) e
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When lined-up inclusions are present, the geometry of the weld 1s
usually the determining factor as to the extent of fusion sone fallure.
Midland Plates EE-104 and 113 (Figure 11) both show large numbers of
lined-up inclusions but the geometry of the latter weld is much superior

‘and 80 are the ballistic and bend test results. The mein benefit ob-~

tained from the so-called "annealing bead" technique eppears to be in
devel .ping a geometry with less tendency toward initiation of fusion
zone failures.

In austenitic Unionmelt welded plates the inclusions are larger and
lined up at a greater distance from the fusion gzone. Inferior heat-
affected gone properties preclude fallure through the weld-fusion area,
but plate New York 46 (high alloy with comparatively good heat-affected
zoneg failed partially through the region of lined-up nonmetallics (seo
Figure 10). ¥o liring up of weld inclusions has been observed in fer-
ritic welds regardless of type of electrode covering.

c. Weld Metals - Fractures of all austenitic welds were fidrous
and had high impact energles (see Table VI); therefore were mnot studied
microscopically. The manually deposited Mn-Mo ferritic weld metal was
comparatively good and the Unlonmelt ferritic very poor in impact
energy (Table 7I). Photomicrographs of both weld metals are shown in
Figure 18. The finer more uniforn distribtution of carbides in the hand
weld indicates better properties than could be expected of the Unionmelt
weld metal, but the presence of high temperature transformaticn carbides
in both welds indicate poor impact properties under very sovere testing
conditions as confirmed by the Charpy values at subnormal testing
temperatures.
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TABLE 1 ' e
; Ballistic Shock Test Results B
. Eccentricity Weld Cracking Plate Cracking - = -
: (center Am- (within 1/8  (outside 1/8 -— - —
5 Plate Rd. pact to center Vel. 4in. of weld) 1in. of weld) ) o
s No. _Projectile No. weld) in. f/s in, in. Tt
1-1/2 Inch Thick - Austenitic Hand Welded '_;..
P < Midland 75 mn. 1 34 1116 15-1/4 0 2
- RE-104 T-21 2 3/4 1119 20 0 ) o
- Midland " 1 Y " 1109 ’*-3/‘* 0 :
RE-113 2 1-3/4 1152 0 0
3 3[4 1153 8 0 A
Mialand " 1 1 1105 ly 0 ) .
CR- .2 1-1/L 1175 . 0 0
a 1-1/2 124 0 0
o 1315 18 5=1/4
Ford " 1 /h 1098 0o - . :
W-235 2 -1/h 1191 10-1/4 0 ) e
1-1/2 Inch Thick - Austenitic Unionmelt Welded e
New 75 mm. 1 1/4 1095 9-3/4 0
York 41 T-21 2 1-1/h 1198 36 0 by ot W
New E 1 1/h 1095 12-3/h 0 : 4
York 42 2 1/h 1196 17-1/2 0 NS
New L 1 1/’& 1107 12-1/2 0
York LY 2 1 1197 18-3/Y 0 = e
New " 1 1-3/h 1107 0 0 : _ '
York U5 2 1118 17-3/4 0 SRS
z 1/2 1198 5 2-1/u e
) 1/2 1196 22 0 e
New " 1 /b 1106 1l 0 N
York 46 2 1 1198 12 0 e
} L] L] .o L] L[] L] L[] }1?6. L] L] 22 [ ] L] L[] L] [ ] OOO L] L] a
New 1 0 110¢ 17 3/h 0 ¥
York k7 " 2 3/4 1196 4-3/4 0 -
3 3/u 1199 19-1/4 0 .
New " 1 3/ tosk 1723/ T L
York 48 2 0 1196 17-3/4 0
Midland " 1 0 . 1099 e 6-3}** ..... .o. T L
CR-25 2 3/4 1099 5-1/4 0 s
) ()
v = w _w @ w - v - . i - - - - J L ]

....................
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TABLD I (Cont. - p.2)

Eccentricity Weld Cracking Plate Crackin P _
(center im- (within 1/8 (outeide 1/8
Plate Rd. pact to center Vel. in. of weld) in. of weld)
No. Projectile No. weld) in. - f/s in. in. e
1 Inch Thick - Austenitic Hand Welded i’—'- -. =
Gen.Motors 1 0 . 1101 2-1/2 0 TR
Truck & 57 mm. 2 2-1/u4 . 1135 0 0 el
Coach 35 T-1 3 1 1 11-1/4 0 Ly
Cadillac 75 mm. 1 '1:3714' T '7§6° no i/é R R
143 T-21 2 1-1/k4 783 18 0 > °
Cadillac " D! 2 756 5 : 0
1o 2 1-3/4 767 1/2 0
3 3/4 782 12 0
Cadillac " 1 1 757 13-1/2 0 =
167 2 1-1/2 752 10 ' 2-1/2 ’ ®
1 Inch Thick - Austenitic Uniommelt Welded
Gen.Motors 1 3-1/4 1102 0 0 1
Truck & 57 mm. 2 1/2 1147 12-1/2 2-1/2 >
. Coach 34 T-1 E 1/2 1097 /4 0 b o
- 3-1/2 1053 0 - 0
e D S P S Ve ___uMy ek 2,
&l 3/k Inch Thick - Anstenitic Unjonmelt Welded
Figher 75 mm, 1 S1/2 789 13-1/2 o - m i e
: T-37 7-21 2 1-1/4 783 g 3-1/2 > o
a 1-1/2 799 11 1-1/8
1-1/4 795 9-1/8 2
b: Fisher 57 mm. 1 e 02;1/08 ----- 868. ) 6 ...... 6 s .
U-39 ™1 2 7/8 00 It 5-1/2 e A e
- a 1-1/2 813 5-1/8 a_ [
g e e L B0 RGeS e 2 _
%’ 1/2 Inch Thick = Austenitic Hand Welded
' Cadillec 37 mm.EE 1 2 2527 0 0 y
178 M-54% 2 1/2 2513 0 0 > o
{ z 2 2519 0 0 -
! v L-1/2 2525 0 .0 o
: Figher " 1 3 2514 0 0 B
O H-110 B 1-1/8 2519 15 0 o
\ 3 3/8 2519  16-3/4 0 .
4 General " 1 2-3/l 2600 0 0 o
\ Motors 2 4-1/4 2600 0 0 o
Truck & z 1-1/4 2600 0 0
Coach 18 4 2600 0 0 SN
5 6 2600 0 0 K
6 2-1/k4 2600 0 0 P o
1 3 2600 0 0 =
. Lol R el B e e R e e s S T T S T B e e R
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TABLE I (Cont. - p.3)

Eccentricity Weld Cracking Plate Crackire = -

(center iin- (within 1/8  (cutside 1/8 AN
Flate  Rd. pact to cenier Vel. in. of weld) in. of veld) i
No. _ Projectile No.  weil) in.  ffs in, W

1/2 Irch Tnive - Lugtonitic nionmelt Weléed
General 37 mm. 1 2-1/2 670 0
Motors  M-52 2 2 696 0
Truck & g 3-1/2 10 0
Coach 3 "0 72 0
5 3 689 0
e & 083 _2h 0
{ 1/2 Inch Thick - Ferritic Hand Welded
9 Figsher 37 mm.HE 1 34 2577 1
L E-9E -5 2, e e e
g Fisher "o 1 1/4 2517 0
H-100 : 2 2556 15-1/2 o
Figher i 1 2515 8
E-101 2, L kB uye
Figher . 1 1 2509 2
H-103 2 1/2 2533 3-1/k 1
3 1/2 2528 9 il
Fisher " 1 1-3/k4 252 0
E-111 2 1-1/2 251 0
a 3/k 2516 1
. 3/4 2520 0
Fisher " 1 1-1/k4 - 2513 1-1/2
H-114 2 1/2 2516 0
ﬁ 2-1/4 2563 0
3/4 256 8
Tisher " 1 1-1/2 2513 0
E-115 2 1-3/k4 2518 0
-a 1-3/4 2518 0
, 1-1/2 2592 0
i; Fisher " 1 3/U4 2511 3
- H-116 2 2-1/2 2534 B
; e 2 2534 -3/4
- 0 2537 0
b 1/2 Inch Thick - Ferritic Unionmelt Welded
éi ¥ Mgher 37 mm.EEB 1 1 2515 0 0 Lty
} U-Lk M54 2 3/4 2513 11-1/2 0 S T
[ General ) n 3/ " 2600 6-1/2 6-3/u4 n o Sen
3 Motors 2 4 2600 0 0 P
i Truck & : 2-1/2 2600 0 0 S
, Coach Y-1 3 2630 1-1/2 0 RN
5 1-3/4% 2600 2 0 AR

..........
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Niek-Break Fracture Test of Weld Joint ; :5;"n

P

\ N 1/2 x 1/2 x 4 1nch bar used as striking
block. 1 x 6 x 6 inch plate placed on
top of bar to prevent damage to stear RO
hammer or drop weight. AR

L 6 / SNTE—— S LS T S S
." - / ( / / / . / { ( / {

3
P = R SIS SR S e ———— —

’ 7

Y- 4
_-{' hack saw or
_,/ adrasive vheel

Thickness
of '

Plute

F 7 S

k /7. Gut notch with

L/

Nl
o

Sapport on six-inch span; break wvith one blow
of drop veight or steam hammer

Fipure 1 .
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4 INCH THICK, FERRITIC, MAND WELOED PLATE FISHER H-114
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5 Austenitic Hmd Velded Plate Austenitic Hand Welded Plate
i v Midland RE 104 Yord W-235
p- —
Austenitic Hand Welded Flate Austenitic Unionmelt Welded Lo
Midland KB 113 Plate New York 47 -
1 1/2 Inch Thick Test Flates

Austenitic Hand Velded Plate Austenitic Hand Welded FPlate S0
Cadillas 140 Oadillac 167

VTN, 21=-581

Austenitic Hand Yelded Plate Austenitic Unionmelt Welded Plat
Cadillac 143 Gen. Motors Truck 3b

1 Inch Thick Test Plates

Piguro 6. Masroethhed Sections from Typical Test Plates 5
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Austenitic Unionmels Welded Flate Austenitic Unionmelt Welded Plate
Fisher U 37 Pieher U 39

3/4 Inch Thick Test Flates

| ‘

Aastenitic Nand Velded Plate Ferritic Hand Yelded Flate
Oadillac 178 Fisher E-114

Yerritic Unionmelt VWelded Plate
Austenitic Kand ¥elded Plate Pieher U LY

Gea. Motors Truek 18
Perritic Unionmelt Welded Plat

tenitic Uniommels Velded Plate
mbhnhnk} Oen. Motore Truok Y 1 =

1/2 Inch Thick Test Plates

FIGURL 7 MACROCTCHED SCCTIONS FROM TYPICAL TEST PLATES \
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1 1/2 Inch thick austenitie

hand welded plates

Plate: Midland RB 104
Max. sise electrode: 5/16 in. aia.

N

Plate: MNidland I3 11

1 1/2 Inch thick austenitic
Unionmelt welded plates

Max, size electrode: 1/2 in. dia.

Plate: Nidland CR U5
Max. sigs electrode: 1/2 in. dia.

VIN,630-6676

Pigure 8.

Plate: Midland CR 2§

Typical Veld Joint Fractures.
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WIN,630-66T79

Austenitic hand welded plate Midiand RB 10U

Austenitic hand welded plate Midland RB 113

Austenitic Unionmelts welded plate New York U5

—_—

Figure 11. JFracturee of Typical Bend Bars froa
1 1/2 Inch Thick Test Flates.
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Haad welded austenitic plate Fisher E-110(as received--reinforcement removed)

Unioanels welded ferritic plate Genersl Motore Truck Y 1 (ee received--
with reinforcement)

Untonmels welded ferritie plate Gedetal Motore Truock Y 1 (reinforcement
_ F removed)

ees
.

Hand welded ferrisic plate Fisher H-114 (a8 received--reinforcement removed)

wTn 630-6681

‘Pagure 13. Fracturss of Typical Bend Bare from
1/2 Ineh Thick Test Plates.
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Streagth and Nardness Levels.
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3/8 imck from fusion line

4% Picral mtch - X250)

Plate Midland EE 113 (Repudblic Armor)

Austenitic Fand Welded Test Plates (

Plate Midland CR 45 (Carnegie - Illinois Armor)

Microstructure of Heat-Affected Zones of Typical 1 1/2 Irch Thick

1/8 inech from fusiom lime  1/4 inch from fusion line

_-.......
KRN
ARSI

AL L
Hokel SCR DR

-, .-.
L 12

Figure 16.
)
RV

. .

«'a

-
«“a’e

HOP

S

Pusion line - Midwall

v

Lo
3SN34X3 LNINNY3A0O LV G3INA0HY3IY -

i " AT AT AT A g e _-\.f:\ P PR IR
e N e S e At e AN e e




& e -
-

9. ap
b v -

L

Fasion line - midwall 1/8 in. from fusion line 5/1¢ in. frem fusinn 1i.

i N

'.% ‘-“". PR T
i TR

. e .g",'fr\n Pp T
; R ]
g

F ' Microstructure of Heat-Affected Zones of Typical 1/2 Inch Thick Ferritic i
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1166 Hydrochloric an_diPicric Acide
Fusion zone crack in Plate Midland RZ117
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Fusion zone and heat-affected zone Weld and heat affected zone cr-ck in
cracks from area of incomplete fusion Plate Midland RE113.
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- APPENDIX A

l. Key to tabulatiaon method:and symbols.

2, Specification requirements for H plates
welded with austenitic electrodes.

3. Tabulation of firing record data for
H plates.
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P o
KEY TO TABULATION METHOD AND SYMBOLS .
i. Identification of Test g !
O

Information in the first column identifies the test.

2. Armor Data .
) ™
Sl A. Plate Thickness )
20 UL L o
Subject plates vary in thicknsss from 1/2 inch to 1-1/2 inches. 4 ..
B. Type Armor
Armor compositions are typed as follows: >
R (Rolled) P e
1 Typical Analyses
L Iype € M S O Mo M I
; 1 Mao-Ni-Cr-Mo .26 1.15 .20 .60 .20 1.00 B added .002
- II Mn-cr-Mo -27 1.30 025 055 .’42 A .’ J
" I11 Ma-Ho 25 1.0 .22 - .37 B added .002 .o
V  Special (Special compositions to be noted in tabulation.) Ratht e
C. Carbon Content
[ SR SR St
Carbon content is listed as given. 2 ®
D. Brinell Hardness Number (BHN)
The Brinell hardness numbers on both the front and dack of plate et e
are tabulated. NP IERR =1y |
b .8
E. Process e
,." This refers to the melting practice and is given as basic open ,.Zj...-,:"‘_..-';...- '.
r hearth (B.0.H.), acid open hearth (A.0.H.), bvasic electric (B. Elec.), and oo o
{. acid electric (A. Elec.). L o
¢ F. Heat Treatment
s The temperature, time of hold, and type of quench and draw are
pl e recorded as given in the firing record.
3 :
®
? 3. Electrode Data !
. These data are listed as given in each firing record. : ;:j'.f'.;'
A. Type o
Since alloys are sometimes added in the coating, electrodes are 3 ®
typed according to the chemical analysis of the weld metal when given.
The types are as follows: Rt
- - - - - - - - - - - - - 4 ’ .

.............
...................................................
..................................
.....

.........
...........




A !Auntonitigz

I  Mn-Mo Modified 18/8 (Cr-Ni-Fe alloy)
Weld Analysis - at least 1% Mn and .3% Mo.

II Mo Modified 18/8 (Cr-Ni-Fe alloy)
Weld Analysis - at least 1% Mn and less than .3% Mo.

IIT Mo Modified 18/8 (Cr-Ni-Te alloy)
Weld Analysis - at least .3% Mo and less than 1% Mn.

IV  Special

by gi’orritic)

B. and C. Trade Name and Coating

Trade names and type coating (lime or titania) are listed.

D, Current and Polarity

These are to be tebulated as DC straizqt (str.), DC reversed (rev.),
or AC. Ny

L. Joint Design
A,

Groove, etc.

This item notes the type of groove - single vee (SV) bevel or
double vee (IV) bevel - the included angle, and the width of the root
face (RF).

B. Root Gap

This is the distance in inches between the plates as set up for
welding.

C. Plate Preparation

This indicates whether the plate edges to be welded together were
:; flame cut, ground, machined, buttered, ete.
)

5. ¥elding Procedure
A, Bl.ckigg

E
{'-.' ‘. Backing if used, i.e. back-up bar, chill, filler, and spacer strips,
5 is noted.

B. Deposition

Figure i shows how the wald is broken up into root, body, and
crown types. The size electrode is noted with thé number of passes, type
of passes, and the current and voltage. Passes are divided into two kinds:

e
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(a) layer, if the pass bridges the gap; and (b) vead, if the pass does not
bridge the gap. SB designates meal bead.

C. Total Welding Time and Interpags Temperature

These are listed as given.
D. Remarks

e Any comments on chipping, grinding, and other special techniques
-~ " used, not noted above but which might affect ballistic properties of welded
armor plate, are noted under "remarks."

6. Heat
Preheat and postheat of weldment are tabulated.
7. Ballistic Results

The type projectile used in testing is noted for each plate. Hits,
velocity, and location of each, cracking and remarks on cracking, are
recorded. Symbols used are as follows:

H. - hit

F/s - feet per second

L.L. - 1left leg

R.L. - right leg

erossbar

location

right of

leoft of

on weld

above

below

running from or through impact
not running from or through impact

8
]

[ I Y N B N I R

oMb ™
3

Types of cracking:

I =~ Weld (includes weld, fusion zone, and heat-affected zone
cracking within 1/8 inch from weld)

Iv - Star plate cracking

V - Linear plate cracks

Cracking is measured on the back of the plate.
8. The remarke on cracking and results of radiographic examination are

recorded in the last column. P signifies the welded plate passed radiograph-
ic inspection,and F that it failed.

SPECIFICATION RZQUIREMENTS FOR “H" WELDED PLATES

Figure 11 shows the construction end intended aiming points for the
ballistic shock test plate.
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As of 25 June 1943, the following requirements wers in effect. (as g
abstracted from Speoification AXS-437, Rev. 5, 15 December 1943); S e

ks "P-3. Ballistic tests. Test plates required by paragreph F-2a(l)a
A shall be supported solidly on each of the two sides parallel to the long-
o est welds and with these welds upright. The plate shall be tested for
compliance with the requirements of Table II.

TABLE II
LSO Striking Allowable
T Thickness of Type of velocity £/s, weld crack-
shock test homogeneous plus or minus ing, inches,

plate, inches armor Projectile 25 /s maximum

1-1/2 rolled 75 mm, T2l 1200 15
1-1/2 cast " 1050 10
] rolled . 725 IZ
1 cast §7 mm. T1 975
3/4 rolled " 800

1/2 rolled 37 mm. H.E. M54 2525 12 :

"l‘-;}i» Cracks in the armor parallel to ti~ ‘reld and within 1/8 inch
of the edge of the weld shall be considered in the total weld cracking.

"P-3%, All impact velocities speoified for cast homogeneous armor are e a
subject to variation depending on the actual armor thickness. This varia- el
tion shall be based on the velocities specified for testing primary armor Lo g
and results in velocity of 6 f/s for each increase of 0.0l inch in armor Sl
thickness. R

T g
60, L. W

"F-30. Oracking of the plate outside a circle of 6 inches radius, the
center of which is the center of impact, or plate cracks greater than 6
inches in length not passing through the point of impact shall be considered
cause for reporting 'no test.' Other types of armor cracking which in- RO
dioate that the test of the welding procedure is insufficlent may also de o 2o e
cause for reporting 'no test.' The phrase 'no test' is defined as that d o pe.
condition existing when the results of the ballistic test are such that it i
is impossible to arrive at a decision as to the acceptability of the weld-
ing procedure.

b_ "F-3d. The impact of the 75 mm: pi‘oo! projectile T21 or the 57 mm. '
proof projectile T1 shall touch the edge of the weld to be considered as s
conforming to the requirements of the test. .

"F-3e. The impact of the 37 mm: E.E. projectile M54 shall be within
1-3/4 inches of the weld as measured from the center of the impact to the
center of the weld to be considerad as conforming to the requiremente of
the test. ' LIPS

*F-3f. Impacts, the edges of which are more than 2 inches from the

edge of the crossbar weld, which cause cracking in the crossdar either ST

on the front or dback of the plate, which is not an oxtension of cracking A o

& leg weld, shall be cause for rejection of the welding procedure. @ .~ """

........................................................................
.......... RIS O = - et e ol o o O o . T wL e W .
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"F-3g. Any inconsistency in the quality or the welding procedure re-
vealed by impact on a ballistic test plate may be considered cause for
reporting 'no test' at the discretion of the proof officer.

"F-3h. Any length of weld cracking revealed as a result of an impact
outside the mcceptable limits for impacts shall be cause for rejection of
the welding procedure.

"F-3i, Impacts less than 6 inches from the top or bottom edge of the. -
plate, which cause excessive weld cracking, shall be considered as not
= conforming to the requirements of the test. If, however, the cracking is

not excessive and the requirements referred to in paragraph F-34 are met,
the impact will be considered acceptable.”
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WELD SEQUENCE:
ab, cd, fe.

DIRECTION OF ROLLING

QUALIFICATION SHOCK TEST PLATE e
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ROOT ‘
TYPES TYPE I TYPE IT

ETC. N

SINGLE ROOT BEAD MORE THAN ONE BEAD AT ROOT el
AT CENTER OF ROOT s

SINGLE

A e Vv . S s
" BEVEL ..o
8 : — ETC. ey

, SINGLE BEAD BRIDGING MORE THAN ONE BEAD BRIDGING A
E ROOT GAP ROOT GAP o gl

3 BOOY ['TYPET [TYPE IT [TYPE IIL | TYPEIX | TYPE X

g DOUBLE
. v
3 BEVEL g X E UNIONMELT | SPEGIAL

s LAYERS
,E LAYERS ONLY|BEADS ONLY 8 BEADS

SINGLE
BEVEL
UNIONMELT | SPECIAL
\

LAYERS ONLY|BEADS ONLY LAYERS
i = | & BEADS

r“r‘*' Ko

Pl e
PRI

v
o .

CROWN ..

[DOUBLE N

v ' 2 s ‘ - or 2y el <l ".‘
\ - v « -"...0. Pl
BEVEL ETC. o :

SINGLE CROWN | MULTIPLE CROWN MULTIPLE CROWN Lol
SINGLE PASS LAST BEAD TOUCHES  LAST BEAD DOES NOT RN

BRIDGES GAP PARENT ME TAL TOUCH PARENT METAL s

F1G.44 WELD METAL DEPOSITION TYPES
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ABSTRACT:

The Shoran method has made possibie for the first time the ttnking of Cuba and tslands in the Bahamas
with the continentat datum of North America. The only limitation of the method is the length of tine which
can be measured, which is a function of the attitude at which the Shoran piane flies. For the present, iines
well in excess of 500 miles can be measured, and thts means that most of the istand bodies of the worid
and all continents can be piaced on a uniform geodetic datum. It has been recommended that a require-
ment exists for Shoran geodetic surveys and that these shouid be continued and expedited.
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